Background: Therapeutic cloning is the combination of somatic cell nuclear transfer (SCNT) and embryonic stem cell (ES) techniques to create specific ES cells that match those of a patient. Because ES cells derived by nuclear transfer (SCNT ES cells) are genetically identical to the donor, it will not generate rejection by the host's immune system and thus therapeutically may be more acceptable. Induced pluripotent stem cells (iPS) are a type of pluripotent stem cell artificially derived from an adult somatic cell by inducing a forced expression of a set of specific pluripotent genes. In the past few years, rapid progress in reprogramming and iPS technology has been made, and it seems to shadow any progress made in SCNT programs. Objective: This review compares the application perspective of SCNT with that of iPS in regenerative medicine. Methods: We conducted a literature search using the MEDLINE (PubMed), Wiley InterScience, Springer, EBSCO, and Annual Reviews databases using the keywords "iPS", "ES", "SCNT" "induced pluripotent stem cells", "embryonic stem cells", "therapeutic cloning", "regenerative medicine", and "somatic cell nuclear transfer". Only articles published in English were included in this review. Results: These two methods both have advantages and disadvantages. Nevertheless, by using SCNT to generate patient-specific cell lines, it eliminates complications by avoiding the use of viral vectors during iPS generation. Success in in vitro matured eggs from aged women and even differentiation of oocytes from germ stem cells will further enhance the application of SCNT in regenerative medicine. Conclusion: Human SCNT may be an appropriate mean of generating patient stem cell lines for clinical therapy in the near future.
Embryonic stem cells (ES) derived from embryos can be cultured indefinitely in large numbers and they also have the ability to differentiate into all 220 different cell types in our body and thus have great therapeutic potential. A number of cell types, including neural progenitors, dopaminergic (DA) neurons, insulinproducing cells, cardiomyocytes, endothelial cells, hematopoietic cells and many others, have been generated from ES [1, 2] . Yet, destruction of embryos to isolate human embryonic stem cells (hES) is considered a major ethical concern that may limit the use of these cells for therapeutic purposes. Another limitation is the allogenic nature of these cells, and a risk of immune rejection when transplanted. Alternative techniques, somatic cell nuclear transfer (SCNT) and somatic cell reprogramming offer opportunities to overcome such transplantation issues such as graft rejection. However, SCNT technique raises other ethical issues as it requires the use of human eggs. Therapeutic cloning is the combination of SCNT and ES cell techniques to create specific ES cells that match those of a patient. Because ES cells derived by nuclear transfer (SCNT ES cells) are genetically identical to the donor, they will not generate rejection by the host's immune system and thus therapeutically may be more acceptable. Induced pluripotent stem cells (iPS) are a type of pluripotent stem cell artificially derived from an adult somatic cell by inducing a forced expression of a set of specific pluripotent genes. The past few years have witnessed the rapid progress in reprogramming and iPS technology, and this rapid progress appears to be overshadowing any progress made in SCNT programs. While reprogramming is still in its early stages and there are number of technical issues that need to be resolved before it can be used in clinical therapy, progress in SCNT on the other hand is at a slow pace, but nevertheless offering a number of clues in our understanding and optimizing the whole process of reprogramming. Here we have reviewed the progress made so far in both SCNT and reprogramming techniques and perspectives of these developments in regenerative medicine.
SCNT in animals
Previous studies have shown that SCNT ES-cells grow as immortal cell lines and produce pluripotent tumors when injected into immunocompromised mice [3] ; germline transmission as indicated by tetraploid embryo complementation [4] [5] [6] ; global gene-expression profiling of SCNT ES-cell lines derived from different donor-cell types revealed transcriptomes that are indistinguishable from those of fertilization-derived ES-cell lines [7] . Therefore, SCNT-cell lines derived by nuclear transfer are expected to have the similar therapeutic potential to those derived from fertilized embryos.
The differences between ES cell lines are simply associated with the different genetic background. Indeed, experiments in animals have shown that SCNT combined with ES cell represents a valid strategy for treating genetic disorders. SCNT embryos were constructed using nuclei from Parkinsonian mice and oocytes from healthy mice, and then 187 ES cell lines were generated from 24 Parkinsonian mice [8] . Cells were expanded and subjected to neural induction and differentiation into midbrain dopamine neurons. Each mouse received dopamine neuron progeny obtained from a SCNT-ES cell line derived from its own donor nuclei. Control mice received an allograft of dopamine neurons. Mice grafted with matched SCNT-cell-derived dopamine neurons showed a significant amelioration of the Parkinsonian phenotype in all behavioral tests, and superior graft survival and decreased immunogenicity compared with allogenic grafts [9] . These data further demonstrate the feasibility of treating individual Parkinsonian mice via therapeutic cloning.
An important problem raised at the present is the low efficiency of SCNT. For a donor nucleus to support development of an SCNT embryo, it must properly activate genes important for early embryonic development and suppress differentiation-associated genes that were transcribed in the original donor cell. Inadequate reprogramming of the donor nucleus is thought to be the principal reason for the developmental loss of most SCNT embryos. Comparative analysis of human-human, humanbovine, and human-rabbit cloned embryos at the morula stage has been conducted. It was found that appearances and the rates of development to the morula stage were similar, but the pattern of reprogramming of the donor genome was dramatically different. By contrast, with the interspecies clones, gene expression profiles of the human-human embryos showed extensive reprogramming of the donor nuclei, and that the expression pattern was similar in normal control embryos [10] . These results suggest that bovine and rabbit oocytes do not support appropriate embryonic genomic reprogramming of human somatic cell nuclei, and they were not able to generate patientspecific human stem cells.
In addition, inadequate reprogramming is also associated with the SCNT technique itself. The detrimental effect of fluorochrome bis-benzimide (Hoechst 33342) and ultraviolet (UV) light on the development and reprogramming of SCNT embryos has been identified in primates, because Hoechst 33342 and UV-light were able to damage to the oocyte through Hoechst 33342/UV-induced oocyte activation, and/or maturation promoting factor degradation, reaction of the residual Hoechst 33342 in cytoplasts with the introduced donor cell DNA [11, 12] . In rhesus macaque SCNT, an oocyte spindle imaging system was used to visualize the oocyte meiotic spindle during oocyte enucleation, avoiding the conventional use of Hoechst 33342 and UV light. A significant increase in the blastocyst formation rate (from 1% to 16%) was achieved, and two embryonic stem cell lines were successfully isolated [11] .
The differentiated state of the donor nucleus is critical for SCNT ES efficiency. Embryos cloned from embryonic stem cells faithfully express early embryonic genes [13] , and cloning efficiency from ES or embryonic cells such as blastomeres (cells of the cleavage embryo) are roughly 10 to 20 times higher than that of cloning from somatic cells, possibly because these genes are already active in the donor genome. In addition, Blelloch et al. compared the cloning efficiencies using ES cells, cultured neural stem (NS) cells and differentiated fibroblasts as donor nuclei, respectively. Cloned blastocysts produced from NS cells gave rise to ES cells about as efficiently as did cloned blastocysts derived from ES cells, and about two to three times more efficiently than did cloned blastocysts generated from fibroblast donors. However, fibroblasts that had decreased levels of global DNA methylation were as efficient at being donors as were NS cells and ES cells, thus indicating that the epigenetic state of donor cells affects the reprogramming ability of cloned embryos [14] . To address this question further, a study was performed to create monoclonal mice using terminally differentiated lymphocytes. It was found that nuclei from mature B and T cells were able to direct development after being transferred into an oocyte, but this process was much less efficient than cloning using fibroblasts or cumulus cells [15] .
The genome of adult stem cells that are present in the adult donor animal at low frequencies might resemble that of embryonic stem cells, because of their developmental immaturity, which is more amenable to or requires less reprogramming than the genome of a differentiated cell [4] . It will be interesting to produce patient specific SCNT embryos using purified adult stem cells from skin tissue, and of importance to the potential therapeutic application of autogenous cell nuclear transfer. However, the main problem encountered at present is how to isolate and purify adult stem cells, as well as identify specific markers.
Many studies found that SCNT embryos at various developmental stages, and even cloned offspring, show severe dysregulation of gene expression, with some genes being dysregulated in a donor-cell-dependent manner [16] [17] [18] . The persistence of donor-cell-specific gene expression in clones indicates the retention of an epigenetic memory of the donor nucleus [19] . Faithful reprogramming of the somatic genome and complete elimination of the epigenetic memory of the donor nucleus are required for successful cloning. Yet, by contrast, with fetal development, ES-cell derivation from cloned blastocysts is significantly more efficient than the potential of cloned blastocysts to develop into live offspring [11] , because blastocyst formation and ES-cell derivation are less restrained by genetic and epigenetic abnormalities.
SCNT in humans
Many studies have been conducted to produce human SCNT-ES using a regular somatic cell nuclear transfer technique [10, [20] [21] [22] , but none have achieved the derivation of a stem cell line until recently [23] . French et al. [24] found, for the first time, that human oocytes can reprogram differentiated adult cells, and obtained 23% of blastocyst formation rate using two established adult male fibroblast lines and young oocytes. The development rate was similar to that observed in standard IVF blastocysts. Yet, a somatic cell nucleus was injected into a recipient oocyte without removing the oocyte genome, after artificial activation the resultant embryos containing two interphase nuclei were divided two groups by removing either the oocyte genome or somatic cell genome. Activated embryos containing only the somatic genome formed 4-12 cells, and then all arrested. By contrast, those embryos containing only the oocyte genome cleaved and 4/7 (57%) developed to the blastocyst stage, and generated pluripotent parthenogenetic stem cells. Those oocytes containing two types of genomes were also able to develop to blastocysts, which also could generate pluripotent stem cells with tetraploid. It suggests that the presence of genetic material of the oocyte is required for development of SCNT embryos to the blastocyst stage [23] . The above data showed that the developmental competency of SCNT human embryos produced in different laboratories was different. To obtain human SCNT originated ES cells successfully; we should highlight the mechanism by which human oocytes support the reprogramming of differentiated somatic cells.
Prospects of human SCNT vs. iPS technology
At present, SCNT and iPS cell generation are most remarkable techniques used in reprogramming, and have received much interest in regenerative medicine. Both of them involve generating patientspecific stem cells containing the patient's DNA and genes. The primary purpose is to eliminate immune rejection between the patient and graft. At the same time, therapeutic cloning and iPS generation require an accessible source of somatic cells from a patient, usually dermal fibroblasts isolated from skin. Furthermore, these derived stem cell lines must also fulfil genetic matching with the initial donor skin cell. This is generally accomplished by performing microsatellite typing of short tandem repeat (STR) loci and single nucleotide polymorphisms (SNPs) [11] . However, for therapeutic applications, availability of human oocytes for reprogramming the somatic cell is limited by legal and social considerations.
Some SCNT studies have found that failure to generate SCNT-ES or unsuccessful reprogramming is the result of epigenetic abnormalities. Attempts have been made to alter epigenetic modifications; for example, histone acetylation [25] and DNA methylation [14] , and the efficiency of generating SCNT-blastocysts and -ES lines are significantly increased. It is believed that successful generation of SCNT-ESs is possible. By using SCNT to generate patient-specific cell lines, it eliminates complications avoiding use of viral vectors during iPS generation. Human SCNT may be an appropriate mean of generating patient stem cell lines for clinical therapy. Generation of patient-specific cells via iPS technique involves transducing somatic cells with four critical pluripotent genes i.e. Oct4, Sox2, Klf4, c-Myc, or combinations thereof. To verify the pluripotent potential of iPS cells, their ability to differentiate into all lineages derived from three germ layers is essential. Conversion of iPS cells into cardiomyocytes [26] , dopamine neurons [27] , motor neurons [28] , and pancreatic β cells [29] have been reported. Recent research has focused on how to generate iPS cells without genomic integration through insertion of exogenous genes mediated by nonintegrating adenoviruses [30] or other [31] nongenetic modifying systems [32] , including very recently by simply change in pH [33, 34] .
As the efficiency for generating iPS cells remains very low (0.1%-1%), some chemicals can be used to increase reprogramming efficiency, such as DNMT inhibitor, AZA; HDAC inhibitor, TSA or VPA [35] , and an inhibitor of histone methyltransferase G9a, BIX01294 was reported to not only increase efficiency, but also replacing Sox2 and c-Myc required in the reprogramming recipe [36] .
However, there are still some differences between iPS cells and hES [37] , because iPS cells are more variable in gene expression, DNA methylation and differentiation potentials [38] . More importantly, reprogramming to somatic cells seems to compromise genomic stability, introducing de novo mutations and copy number variations [39] in resultant iPS cells.
Derivation of stable iPS cell lines is critical for application of iPS, and will make an attractive potential tool in clinical therapy.
Conclusion
Reprogramming human somatic cells into iPS cells by expressing a pool of transcription factors seems far simpler and more efficient than generating ES cells using SCNT. It requires only conventional experimental equipment and small-scale laboratory work. The direct derivation of ES cells from SCNT requires special technical skill, a large number of oocytes and an array of special equipment.
Despite its simplicity, the reprogramming using transcription factors is relatively inefficient (less than 1% of treated fibroblasts were reprogrammed). In addition, in contrast to reprogramming by SCNT, the acquisition of pluripotency requires at least 3-4 weeks, without certainty of which sorts of cells can be reprogrammed. Not only does SCNT currently yield ES-like pluripotent cells, it also possesses a significant advantage because it does not use genomic alteration to introduce transcription factors. Moreover, mice derived from iPS cells generated by reprogramming factors appear more prone to cancer than their normal counterparts do, as it requires the forced expression of tumor-promoting factors [40] .
Suppose iPS cells can be generated without genetic manipulation, and this has been achieved recently, this does not mean that SCNT can be discarded or is obsolete. Pressure from religion and ethics might shift the reprogramming method away from SCNT and toward iPS, SCNT allows the study of how epigenetic and genetic components contribute to the earliest steps of development, and it can explore mysteries of human life through SCNT embryos. By contrast, introducing transcription factors does not allow one to study embryo physiology, or the embryonic epigenome and transcriptome [41] . There are now more recent studies suggesting that in vitro matured eggs from aged women and even differentiation of oocytes from germ stem cells can be obtained [42] , and, moreover, the success achieved by Noggle [43] will further enhance the application of SCNT in regenerative medicine.
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